OBJECTIVES To evaluate the results of laparoscopic resection of phaeochromocytoma with a focus on preand intra-operative endocrinological and pharmacological aspects. DESIGN Since its first description by Gagner et al. (1992) , laparoscopy has been used for adrenal surgery in an increasing number of indications. Very few case series (Fernandez-Cruz et al., 1994; Gagner et al., 1996; Mann et al., 1996; Hamoir et al., 1997) have been devoted specifically to laparoscopically resected phaeochromocytomas and these have included only a few patients without documentation of the various endocrinological aspects. We report here our experience of eight cases of phaeochromocytoma removed laparoscopically and focus on the preoperative endocrinological and haemodynamic work-up, the intra-and postoperative blood pressure control and the advantages of this new surgical technique over conventional adrenalectomy performed by laparotomy.
I] metaiodobenzylguanidine (MIBG) scintigraphy, and in 2 patients, adrenal magnetic resonance imaging and octreotide scintigraphy. Determination of plasma volume was performed by isotopic method. RESULTS Median (range) preoperative systolic and diastolic BP was 140 (130-240) and 90 (80-150) mm Hg, respectively. Predominant catecholamine secretion consisted of A in four patients (A pattern) and of NA (NA pattern) in the other four. Tumours smaller than 30 mm usually secreted A while larger ones secreted NA. Pre-and intra-operative BP control was straightforward in all but two patients with preferential NA secretion. The median number of systolic and diastolic BP peaks were higher in patients with NA pattern (n ¼ 6, range: 3-9) than in those with A pattern (n ¼ 1·5, range: 1-6). Total duration of pneumoperitoneum ranged from 120 to 240 (median: 195) min. Intraand post-operative complications included intraabdominal bleeding, laparoscopically controlled (in one case), and upper pole kidney ischaemia in another. Postoperative hospital stay ranged from 4 to 11 days. All patients were asymptomatic postoperatively and pharmacologically controlled hypertension persisted in two of them CONCLUSIONS Laparoscopic adrenalectomy is a safe and efficient technique to remove phaeochromocytoma in terms of intra-and postoperative morbidity, with a low complication rate. Pre-and intra-operative pharmacological blood pressure control is as effective as in conventional adrenalectomy, with greater instability in noradrenaline secreting tumours.
Since its first description by Gagner et al. (1992) , laparoscopy has been used for adrenal surgery in an increasing number of indications. Very few case series (Fernandez-Cruz et al., 1994; Gagner et al., 1996; Mann et al., 1996; Hamoir et al., 1997) have been devoted specifically to laparoscopically resected phaeochromocytomas and these have included only a few patients without documentation of the various endocrinological aspects. We report here our experience of eight cases of phaeochromocytoma removed laparoscopically and focus on the preoperative endocrinological and haemodynamic work-up, the intra-and postoperative blood pressure control and the advantages of this new surgical technique over conventional adrenalectomy performed by laparotomy.
Patients and methods
Between January 1996 and September 1997, eight patients (four men, four women) aged 13 to 70 (median: 42·5) years underwent laparoscopic adrenalectomy for symptomatic phaeochromocytoma. Patients' characteristics are listed in Table 1 . More common symptoms consisted of headaches, paroxysmal hypertension, sweating, pallor, weight loss and general weakness. Two patients (numbers 2 and 4) presented with a multiple endocrine neoplasia (MEN) IIa history. Both had previously undergone controlateral adrenalectomy by laparotomy and one of them total thyroidectomy for medullary thyroid carcinoma. In four patients (numbers 2, 4, 6 and 7), phaeochromocytoma was diagnosed 6-36 months before operation. The remaining patients underwent surgery shortly after diagnosis. Five of the eight patients received 1-3 antihypertensive drugs for sustained or paroxysmal hypertension before the diagnosis was established. Secretion of catecholamines was assessed by 24-h urinary measurements and in some cases by assay in plasma (data not shown). Tumour secretion type was determined by calculating adrenaline to noradrenaline (A/NA) and metadrenaline to normetadrenaline (met A/normet A) ratios. The cut-off point above which a tumour was considered to secrete preferentially adrenaline was calculated by the ratio of the upper limits of reference ranges for adrenaline and noradrenaline or metadrenaline and normetadrenaline, respectively. Preference was given to the metabolite pattern (met A/normet A) according to their higher sensitivity and specificity. Plasma catecholamines levels were determined by high pressure liquid chromatography (HPLC) and electrochemical detection. In all patients, radiological investigations consisted of adrenal computed tomography (CT) scan and [
131 I] meta-iodobenzylguanidine (MIBG) scintigraphy. Adrenal magnetic resonance imaging (MRI) and octreotide scintigraphy (Octreoscan; ® ) were, respectively, performed in patients 1 and 2. Plasma volume was determined preoperatively by isotopic method using tagged red blood cells and marked albumin in all patients. Preoperative haemodynamic control was obtained by fluid administration and pharmacological blood-pressure control. Oral phenoxybenzamine was administered in six patients (2-7) and replaced by i.v. phentolamine with labetalol 24 to 48 h before operation. The calcium antagonist nicardipine was used alone in patient 1. Patient 8 was treated i.v. with urapidil with lisinopril and carvedilol. Throughout surgery, patient haemodynamics were monitored by invasive arterial line and Swan-Ganz catheter recordings. Hypertensive peaks were defined as a systolic and diastolic blood pressure greater or equal to 170 and 100 mm Hg, respectively. The endoscopic approach to the adrenal was transperitoneal via a supracolonic access to the retroperitoneal space. All patients were operated in the lateral decubitus position, the operated side up. A pneumoperitoneum was created and maintained using CO 2 with a preset pressure limit of 12 mm Hg. The adrenal was identified at the internal side of the upper pole of the kidney. The entire upper pole of the adrenal was then carefully dissected. Each small peripheral vessel was clipped to obtain a bloodless dissection of the upper portion of the adrenal. The dissection was then completed by liberation of the lower portion and clipping of the main vessels in the vicinity of the renal vein (for the left adrenal) or the inferior vena cava (for the right adrenal). The phaeochromocytoma was extracted in a selfsealing bag through one of the trocars.
Results
Median preoperative systolic and diastolic blood pressure were 140 (range 130-240) and 90 (range 80-150) mm Hg, respectively. Catecholamine secretion consisted of A in four patients (numbers 1-4) and of NA in the others (numbers 5-8) ( Table 2) . Predominant secretion was A in phaeochromocytomas smaller than 30 mm (except in patient 7) while bigger tumours preferentially secreted NA, except in patient 2 (Fig. 1) . CT scan was positive in all cases. MIBG scintigraphy confirmed the CT scan result in all but patient 7. Preoperative plasma volume (determined in six patients under treatment) ranged from 83% to 120% (median 93·5) of normal. Pharmacological preparation and intraoperative blood pressure control with phentolamine was satisfactory in all patients 122 V. Col et al. except patients 5 and 8. These patients presented the highest levels of catecholamines, mainly NA, leading to haemodynamic instability and requiring a high dose of phentolamine. Infusion volumes ranged from 1500 to 4750 ml. The median (range) number of systolic and diastolic peaks fell from 3·5 (1-9) to 1 (0-3) and from 1·5 (0-10) to 1 (0-4), respectively, before and after ligation of the main adrenal vein. The median number of systolic and diastolic blood pressure peaks were higher in patients with preferential NA secretion than in those secreting A (Table 3) . Rupture of the tumour capsule occurred in patient 1 during the dissection. The duration of pneumoperitoneum ranged from 120 to 240 (median 195) min. The diagnosis of phaeochromocytoma was confirmed histologically in all patients. Postoperative complications included left kidney upper pole ischaemia due to ligation of an accessory upper renal artery in one patient (4). Patient 3, operated on simultaneously for a left phaeochromocytoma and a 10 cm renal cyst, developed recurrent bleeding 24 h later that was controlled laparoscopically, the origin of the bleeding being the renal cyst. Patient 8 developed persistent bleeding from the upper pole of the right adrenal gland. A 5-cm laparotomy was necessary to optimize haemostasis. The length of stay in hospital after surgery ranged from 4 to 11 days and from 4 to 9 days when considering eventfree patients (Table 1) . Hypertension was considered to be cured in six patients. The others (1 and 3) were treated with a calcium antagonist. During a follow-up period ranging from 2 to 20 months, urinary catecholamine values remained normal in all patients except in patient 2. In this patient suffering from MEN IIa syndrome, recurrence of phaeochromocytoma is now suspected at the site of the initial adrenalectomy performed by laparotomy in 1988 for a phaeochromocytoma in the other adrenal.
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Discussion
In the present series we report eight consecutive cases, operated on with good results in terms of tolerance, intraoperative haemodynamic stability, complications and outcome. The better tolerance of the laparoscopic approach, attributed to less postoperative pain (Henry et al., 1996a) was confirmed by two of our patients with MEN IIa (2 and 4) who had previously undergone a controlateral adrenalectomy by laparotomy. With regard to intraoperative haemodynamic stability, we did not experience more difficulties than other teams, who compared laparoscopic adrenalectomy with classical surgery (FernandezCruz et al., 1996) . Complications found in our series were of minor importance. The only significant postoperative bleeding was due not to the operation on the phaeochromocytoma but to a renal cyst. No conversion to a classical laparotomy was necessary, the latter situation being generally encountered in less than 5% of cases (de Cannière et al., 1995 (de Cannière et al., , 1997 Gagner et al., 1996) . The polar renal ischaemia in one patient after adrenal vein ligation could be explained by a common vascularization of the adrenal gland and the upper pole of the kidney. This low incidence of complication is in accordance with that cited in the literature (Meurisse et al., 1994; Gagner et al., 1996; Henry et al., 1996a,b; Janetscheck et al., 1996; Horgan et al., 1997; Staren & Prinz, 1996) . Whereas the median length of laparoscopic surgery (190 min) was greater than that of conventional surgery in our institution (150 min; n ¼ 20), the lengths of postoperative stay in hospital were slightly shorter with laparoscopy (4-11 days with laparoscopy; 8-12 days with conventional surgery). In two cases (patients 2 and 4), prior adrenalectomy by laparotomy had been performed and the length of current postoperative stay was justified by the need for initiation of glucocorticoid replacement therapy. Adrenalectomy had an immediate effect on blood pressure control with a significant decrease in the number of systolic and diastolic peaks. This favourable result has been confirmed in the long term, as hypertension was considered to be cured in all but two patients. In these cases, persistent hypertension could be accounted for by persistent vascular remodelling. Catecholamine secretion levels remained normal except in patient 2 with MEN IIa, who had recurrence of phaeochromocytoma in the other adrenal.
Another interesting question concerns the intra-operative haemodynamic stability according to the predominant catecholamine secretion type. In our series, the greatest haemodynamic instability was observed in NA secreting phaeochromocytomas (particularly in patients 5 and 8). These tumours also secreted the greatest amounts of NA. The respective roles of catecholamine type and the absolute amount of hormones secreted have been discussed previously (Tonkin et al., 1994) . However, it is clear that NA could induce greater haemodynamic instability because of the more pronounced vasoconstrictor effect of this amine through binding to alpha-receptors (Feldman et al., 1978; Vater et al., 1983) . In our experience, the number of hypertensive episodes remained reasonably low, indicating that laparoscopic resection of phaeochromocytoma remains a safe technique, whatever the type and the amount of predominant catecholamine secreted.
From a technical point of view, a phaeochromocytoma as large as 8-10 cm may be cured by laparoscopy (Gagner et al., 1996; Henry et al., 1996b) . We confirmed this in patient 2, whose phaeochromocytoma measured 10·5 cm in diameter. Tumour removal was easily performed through a larger trocar. Concerning intra-operative blood pressure peaks, it is important 124 V. Col et al. to note that they can occur until the main and all collateral adrenal veins are completely ligated. A relationship between tumour size and the type of catecholamine secretion could be established (Fig. 1) . As shown previously (Brown et al., 1989) , large phaeochromocytomas predominantly secrete NA because they are devoid of sufficient cortisol supply for phenylethanolamine-Nmethyltransferase (PNMT) induction and hence adrenaline synthesis.
Alpha-blocking agents and fluid infusion are classically used to control blood pressure before excision of phaeochromocytoma by laparotomy. As used by other teams (Gagner et al., 1996) , we used oral phenoxybenzamine replaced by i.v. phentolamine 48 h before surgery with good success in terms of blood pressure control. Urapidil was administered in one case with good results on blood pressure control. This drug has been used by others (Steib et al., 1996) although further investigations are needed to determine the role of urapidil in the occurrence of prolonged collapse after tumour removal. According to the current literature, calcium antagonists could be an efficient and safe alternative. Although some did not observe excessive intra-operative hypertensive peaks (Proye et al., 1981; Mann et al., 1996) , others obtained disappointing results with these drugs (Meurisse et al., 1994) . We treated only patient 1 with nicardipine and observed six intraoperative systolic hypertensive peaks before adrenal vein ligation, which appears to be the third highest frequency of systolic peaks in our series.
In conclusion, our study has shown that laparoscopic adrenalectomy is a safe and efficient technique for removal of phaeochromocytoma in terms of intra-and postoperative morbidity. It appears advantageous to the patient because of minimal surgical access, implying less pain and preservation of abdominal wall integrity. This approach requires optimal pre-and intra-operative pharmacological control of blood pressure. We found that analysis of the predominant type of catecholamine secretion might help the surgical team to predict intra-operative haemodynamic instability, which is usually encountered in noradrenaline-secreting phaeochromocytomas.
